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Abstract. A preliminary study has been conducted on supercapacitor carbon-electrode 
monolith prepared from teak leaf waste. The objective of this study is to know the 
electrochemical cell capacitance from carbon materials. The production of carbon electrode 
began with pre-carbonization process at 250°C for 2.5 hours, then proceeded to chemical 
activation using KOH activator with concentration of 0.3 M. Hydraulic Press was used with 
pressure at 8 ton to form the monolith. Then, the density was measured the carbonization. 
After that the sample was activated using CO2 gas at 850°C burning temperature. Next after 
the carbonization, the density was measured by collecting mass, diameter and thickness 
data of the electrode. The specific capacitance was measured using Physics CV UR Rad-ER 
5481 which is controlled by a cyclic voltammetry software with the potential window width 
of 0 – 0.5 V and at a scan rate of 1 mV/s. The best density results obtained were 0.853 
g/cm3 before carbonization for sample code C24 and 0.605 g/cm3 after carbonization for 
sample C30. The specific capacitance was found at 113.20 G/g for C32 and C38 electrodes 
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1 Introduction 
Electrical energy has become world’s primary needs and brought big impacts to all lives 
aspects. The energy needs in Indonesia is still dependent on fossil fuel like crude oil, coal and 
natural gas as sources for electrical energy. This has impacted on air pollution and will affect 
the people’s lives and health [1]. Besides that, crude oil is non-renewable energy as it takes 
longer time to produce than the exploitation.  
Energy storage devices become one of the solutions as alternative energy, for example devices 
like batteries, fuel cells and capacitor. Batteries and fuel cells are capable to store high energy 
but with very little power, while capacitor has big power but is only capable to store small 
energy. Another device, as an advancement to capacitor, usually known as supercapacitor is 
made to allow a device with not only big power but also large energy storage [2-5]. 
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Supercapacitor consists of electrodes, separator, electrolytes and current collector. The 
Electrodes in supercapacitors have big effect on the energy and power capability of the 
supercapacitors. A popular material for supercapacitor electrodes is activated carbon with 
nanometer pores. Activated carbon from biomass can be made of bagasse, coconut shells and 
fibers, rice husk, sawdust, hard wood, coal also waste leaf.  
Teak leaf are one of biomass waste that is interesting to be studied about as raw material for 
activated carbon because it is the biggest part of a Teak tree. It is considered as a deciduous tree 
that shed leaves at dry season, between November and January. After that, the leaves grow 
again in January or March. Fell off Teak leaves are suitable as biomass in supercapacitor 
fabrication as it reduces the amount of leaf waste produced. The carbon (C) content in Teak 
leaves is high, around 46.49 – 52.32% [6]. 
2 Materials and Methods 
Electrodes fabrication started by collecting Teak leaf waste as the raw material. The sample was 
dried in an over at 110°C for 2 days. Then, pre-carbonization was done at 250°C for 2.5 hours in 
order to get brittle sample to ease the milling process in ball milling for 20 hours. In order to get 
fine and uniformity of pre-carbonized sample, the sieve with a size of 53 µm was used to get 
particles smaller than 53 µm. Chemical activation process was done by KOH activation of 0.3 
M to increase the surface area. Then, the sample was neutralized and dried in an oven at 110°C 
for 3 days until dry. Dried sample was refined and weighed 0.7 g for 10 samples and they were 
molded into pellets. The molding process was done using hydraulic press at 8 tons pressure and 
given code C32 to C38. The carbonization process was done in a furnace at 600°C in N2 
environment and followed by physical activation at 850°C in CO2 gas environment. After that, 
the sample was polished carefully with sandpapers (Hammer P1200) to reach certain thickness.  
The measurement done to sample was electrode dimension like mass, diameter, thickness and 
specific capacitance. The mass was measured using digital scales while the diameters and 
thickness were measured using Insize digital calipers. Those measurements were done after 
pellets molding and carbonization to observe the difference in density of the electrodes. The 
density was determined with the standard formula by dividing the mass and volume. 
Supercapacitor cell specific capacitance was done by Cyclic Voltammetry (CV) method using 
Physics CV UR Rad-Er 5841 controlled by cyclic voltammetry CVv6 software with the 
potential window width of 0 – 0.5 V at 1 m V/s scan rate. The results obtained were processed 
by sigma plot 8.0 program. Specific capacitance cell was done in sulfuric acid H2SO4 1 M 
electrolyte.  
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3 Result and Discussion 
3.1 Mass, thickness, diameter and density 
The mass of supercapacitor electrode cells before and after carbonization-activation process is 
shown in Figure 1. Based on the mass comparison diagram, sample mass before carbonization is 
different. The differences are caused by different condition during the molding process. Initial 
sample mass should be made the same as initial sample was weighed with the desired weight 
such as 0.7 g. The difference occur due to the non-uniformity in the mass before the molding 
process. However, the error due to mass factor is predicted to be relatively small at 5%. After 
the carbonization-activation, sample would shrink. The reduction in mass is caused by the 
released of non-carbon material like water, then the decomposition of organic compounds that 
make up the raw material like hemicellulose, cellulose and lignin [7]. The comparison of mass 
shrinkage after carbonization – activation is at 71.1% to 73.3%. The variations of sample 
shrinkage indicated differences in sample arrangement in the burning tube. 
 
 















Figure 1. Mass Diagram for Before and After Carbonization  
Figure 2. Average Diameter Diagram Before and After Carbonization  
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Figure 2 shows sample diameters before and after carbonization – activation process. The data 
shows that the diameters are the same for all samples as all the molds have the same size which 
is 2 cm. The same sample diameters after the process is due to the treatment given with the 
same temperature, gas flow rate and time activation. Diameter shrinkage given was 27%. 
 
 
The thickness of sample before and after carbonization – activation is different due to the fact 
that it underwent shrinkage. It can be seen from Figure 3 that there are slight variances of 
sample initial thickness. This variances are influence by several factors such as different mass 
sample and pressure strength when sample was molded. The differences in the initial condition 
may cause the thickness difference after carbonization-activation process. There is a range of 





There is a reduction in the density before and after carbonization – activation as shown in Figure 
4. Irregular trend was obtained for the density of the 9 samples. The values for several samples 
were high before the process, for instance 0.84 g/cm3 and 0.83 g/cm3 for sample code C32 and 
C38 respectively. Meanwhile sample C38 and C37 gave low density values such as 0.78 g/cm3 
Figure 3. Average thickness diagram before and after carbonization 
Figure 4. Density diagram before and after carbonization 
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and 0.79 g/cm3 respectively. The percentage difference of high and low density values before 
the process is 5.9%.  
Sample density after carbonization – activation process was high for several sample like C34 
and C38; 0.66g/cm3 and 0.64 g/cm3 respectively, while low density values were given by sample 
C35 and C32 at 0.62 g/cm3 and 0.61 g/cm3. The percentage difference of high and low density 
values after the process is 4.6%.  
The varieties of density before and after carbonization – activation are in lower range which is 
within 10%. This shows that the precision of electrode fabrication process is relatively good. 
The density shrinkage before and after the process is at 15% to 27%.  
Overall, the highest shrinkage rate for mass, diameter, thickness and density values are 73.3%, 
27% 37% and 27% respectively. The highest shrinkage given is by mass variable which is 
considered as reasonable because the reduction of mass has effects on both diameter and 
thickness reductions. A similar results on mass decrease is shown in a study done by Dewi [8] 
for durian peel waste, with 70% of shrinkage. Similarly, the research by Mustika [9] with oil 
palm empty bunches gave 73% differences.  
The shrinkage for diameters, thickness and density values are at similar values. The same result 
was found in a study by Susanti [10] about banana stem in which the decrease rate was 27%, 
36% and 26%. This is also shown in Afrianda [11] study to Sago pulp which gave shrinkage 
rate at 25%, 37% and 20%. 
3.2 Electrochemical Properties Measurement 
The measurement of electrochemical properties using Cyclic Voltammetry (CV) with 1 mV/s 
scan rate aims to determine the supercapacitor cell’s specific capacitance. An example of CV 
measurement to supercapacitor cell is shown in Figure 5 of sample carbon C34 and C33. The 
curve from CV shows the relationship between current density and given voltage. The current 
magnitude can be linked with produced specific capacitance of the electrodes. The wider and 
larger the curve is, the higher the electrodes cell specific capacitance is. The measurement of 
specific capacitance was carried out by taking the median values of potential window, which is 
0.25V. In the Figure 5, data CV for C34 and C33 samples are shown. 
The equation used for specific capacitance values calculation is: 
𝐶𝑠𝑝 =  
(𝐼𝑐− 𝐼𝑑)
𝑠 𝑥 𝑚
                                                               (1) 
where Ic is the current charge, Id is the current discharge, s is the scan rate and m is average 
mass. Ic produced was 0.001118 mA, Id was -0.001316 mA, s was 1 mV/s and the mass was 
0.0215 gram. Therefore the Csp value was 113.20 F/g. Ic and Id values produced from the 
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equipment used to calculate Csp, which is Physics CV UR Rad-Er 5841, is controlled by cyclic 
voltammetry CVv6 software.  
 
The complete specific capacitance values of every electrodes used are shown in Table 1. The 
different values percentage of the supercapacitor cell’s specific capacitance is 13%. This 
difference is influenced by the change of electrodes’ dimensions where sample C38 and C37 
have got average of 72.55 change in the mass after the activation. A higher change in the 
dimension was caused by sample arrangement factors in carbonization-activation room. Sample 
C37 and C38 were arranged to be nearer at N2 and CO2 sources. These factors have caused 
sample C37 and C38 to have higher capacitance. 
Table 1 Specific capacitance (Csp) of several pellets produced 
Cell Sample Code Capacitance value (Csp) 
1 C38, C37 112 F/g 
2 C36, C35 105 F/g 
3 C33, C32 97 F/g 
Specific capacitance of capacitor from Teak leaf waste electrodes was compared to several 
different sources that can be seen on Table 2. The data shown tells that the specific capacitance 
values of carbon electrode from Teak leaves to be at the acceptable range to be reported. This 
research shows that the usage of carbon from Teak leaf waste has got a good potential as the 
raw material for activated carbon electrode of supercapacitor cells. 
Table 2 The comparison of specific capacitance values from activated carbon electrodes 
of different biomass 
Biomass Csp Reference 
Rice Husk 147 F/g            Taer et al [12] 
Rubber Tree 154.03 F/g Teo et al [13], Tang et al [14], Peng et al [15], 
Liu et al [16] 
Rice Husk 19 F/g Kuratani et al [17] 
Wood Sawdust 
Rubber 




Taer et al [18], Yan et al [19], Farma et al [20] 
 
The results of this study 
Figure 5. Relationship curve between specific capacitance and voltage at 1mV/s scan rate  
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4 Conclusion 
Activated carbon electrodes from Teak leaf waste has been successfully produces as 
supercapacitor cell electrodes. Carbonation – activation process shows changes in mass, 
diameter, thickness and density of 73.3%, 27%, 37% and 27% respectively. The specific 
capacitance of the supercapacitor cell produced is 113.20 F/g. The result of this study has shown 
that Teak leaf waste has the potential to be developed as supercapacitor electrodes. 
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